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Endemic to the southern Roggeveld Plateau in Northern Cape, South Africa, Romulea syringodeoflora (Iridaceae: Crocoideae) is an
acaulescent geophyte with pink, salver-shaped, odorless flowers with a narrow, elongate perianth tube 18–25 mm long. The stamens are exserted
from the tube and have brown anthers prominently displayed on filaments ±4.5 mm long. The perianth tube contains 0.7–1.2 μl of nectar in the
lower half with a mean concentration of 23.5% sucrose equivalents. The flowers are visited systematically by an unnamed species of Prosoeca, a
long-proboscid fly in the family Nemestrinidae, and occasionally by the butterfly Cynthia cardui (Nymphalidae) and the anthophorine bee
Amegilla spilostoma (Apidae). The flies have a proboscis 10.5–11.5 mm long, which when inserted into the floral tube reaches the nectar
held within the lower half of the tube. The frons and the proximal part of the head of the Prosoeca sp. contact the anthers during feeding, and the
flies accumulate visible quantities of brown pollen during foraging bouts. Observations showed that these insects also contacted the stigmatic
surfaces of style branches during this activity. Amegilla bees, which occasionally visit Romulea flowers, have a tongue ±7 mm long and fail to
reach the nectar when they insert their proboscis into the tube. Because of their small size they do not brush against the anthers or style branches
when they attempt to forage. These observations confirm our prediction of long-proboscid fly pollination in this species of Romulea, based on the
floral morphology of the species, and expands the range of plant species known to have flowers adapted for pollination by this group of insects.
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The pollination biology of the African members of the genus
Romulea (Iridaceae subfamily Crocoideae) is moderately well
documented (Goldblatt et al., 2002). Most species have upright,
radially symmetric, bell-shaped flowers with a short perianth
tube and the three stamens held erect, forming a column
surrounding the style. The stamens and style are included within
the floral cup formed by the tepals. Exceptions are a few species
with salver-shaped flowers with a slender, elongate perianth
tube and horizontally spreading tepals. The range of pollinators
that visit particular species depends on perianth shape, color,⁎ Corresponding author.
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markings in the floral cup. The main pollinators are female bees
that forage primarily for pollen, and hopliine beetles that use the
bell-shaped flowers for sites of assembly, competitive behaviour
and copulation. The unusual, long-tubed, salver-shaped flowers
of R. hantamensis (Diels) Goldblatt and R. kamisensis M.P. de
Vos are members of what has been identified as the Prosoeca
peringueyi pollination guild (Manning and Goldblatt, 1996),
and are pollinated by the long-proboscid flies Prosocea n. sp. 1
and P. peringueyi Lichtwardt (Nemestrinidae) respectively.
These flies forage for nectar held within the elongate tube and
inaccessible to other floral visitors. In our study of the pol-
lination biology of the genus we predicted that R. syringodeo-
flora M.P de Vos, which has similar floral morphology, would
also prove to be pollinated by long-proboscid flies. Here we
present our observations confirming this prediction. The flyts reserved.
Table 1
Study sites
1. Romulea
syringodeoflora
SW of Sutherland, 2
October 2000
Goldblatt and Nänni 11192
(MO, NBG)
11, 12 October 2004 Goldblatt and Porter 12662
(MO, NBG)
2. Romulea
syringodeoflora
SE of Sutherland, 12
October 2004
Goldblatt and Porter 12672
(MO, NBG)
All localities in Northern Cape, South Africa.
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mulea, Prosoeca n. sp. 2, has not before been documented as an
important pollinator of any plant species.
2. Materials and methods
The study species, Romulea syringodeoflora, extends along
the Roggeveld Escarpment from Sutherland in Northern Cape,
South Africa, southwest to Verlatekloof Pass and southeast to
Komsberg Pass (De Vos, 1972). The entire range lies above
1800 m elevation, and freezing conditions with snowfalls are
frequently experienced in winter (June through August). Plants
grow on flat ground in light clay among low shrubs, mostly
Asteraceae, in Mountain Renosterveld vegetation. In years of
adequate precipitation flowering occurs from late September to
late October. Plants are acaulescent and each individual bears
several flowers sequentially over a 3-week period. The
peduncles remain underground or extend above ground for no
more than 1–2 cm.
Two populations of R. syringodeoflora respectively south-
west and southeast of Sutherland, and each comprising over 120
plants (Table 1) were monitored in good weather in October
2004 on two successive days for 3 h in the morning and again
for 3 h in the afternoon. Sites yielded three species of insect
visitors, examples of which were captured for identification and
examination of pollen loads. The most numerous visitor was an
unnamed Dipteran, Prosocea n. sp. 2. This was the first time
insects had been captured on the species. Attempts at site 1
(Table 1) (totalling about 5 h) to record and identify pollinators
of this species in 1999 yielded a sighting of an apparently long-
proboscid fly visiting the flowers but the insect avoided capture.
R. syringodeoflora flowers were also examined in the field for
attractants and rewards using methods outlined elsewhere
(Goldblatt et al., 1995, 2000a,b; Goldblatt and Manning,
1999). Standing crop of nectar was examined in the field by
removing nectar from the base of the perianth tube using cali-
brated microtubes after removal from the ovary. Nectar concen-
tration was measured using a Bellingham and Stanley 0–50%
refractometer.
Insects seen to visit flowers in such a way as to contact either
the anthers or stigmas, which are displayed prominently above
the tepals, were captured and killed using ethyl acetate fumes.
Captured insects were examined for presence of pollen. Visible
pollen samples were removed using a dissecting needle and
mounted on slides in Calberla's fluid (Ogden et al., 1974) and
examined under the compound microscope.
Compatibility relationships of R. syringodeoflora were not
examined but plants were assumed to be self-compatible as this
condition was reported by De Vos (1972) to characterize the
entire genus. Fruit and seed set were not documented. Voucher
specimens (Table 1) of R. syringodeoflora are housed at the
herbaria at Kirstenbosch National Botanical Garden, Cape Town
(NBG) and the Missouri Botanical Garden, St. Louis (MO).
Captured flies were identified as an unnamed Prosoeca species
(identification confirmed by D. Barraclough, University of
KwaZulu-Natal, Durban); captured bees were identified by C.D.
Michener, Snow Entomology Museum, University of Kansas.Bee voucher specimens are housed at the Snow Entomology
Museum and flies at Natal Museum, Pietemaritzburg.
3. Results
Using explants we determined that individual flowers last
3 days, the tepals first expanding in early morning (±8:00 but
this is temperature-dependent; tepals expand earlier on warmer
days, later on colder days) on the first day of anthesis. Flowers
remain open until sunset when the tepals close again. The
radially symmetric flowers (Fig. 1) have bright pink tepals, each
of which bears a dark mark at the base, these forming an ‘eye’
around the mouth of the yellow perianth tube. The outside of the
tepals and the tube are pale pink with prominent darker veins.
Flowers are unscented. The elliptic tepals, 12–15×3–5 mm, are
held at right angles to the perianth tube. The tepals are united
basally into a long hollow tube, in our first study population 18–
25 mm long (mean 21.5 S.D.+2.3, n=11). The range of tube
length in the species given by De Vos (1972) in her monograph
of Romulea is 15–22 mm. The erect stamens enclose the
exserted part of the style and form a column, with the filaments
±4.5 mm long and the anthers ±5 mm long. The anthers bear
brown pollen, which is exposed on dehisced anthers from about
10:00 on the first day of anthesis. The style divides into three
branches opposite the upper fourth of the anthers and each style
branch is further divided for half its length into two arms; only
the tips of the six style arms, which are stigmatic, emerge from
between the anthers. Close physical contact between the pollen
contained in the anthers and the stigmatic surfaces of the style
arms is maintained throughout anthesis and we infer that self-
pollination occurs in open flowers in the absence of insect-
mediated pollen transfer.
Flowers are protandrous. On the morning that the tepals
unfold, anthers are dehiscent but the style branches remain
clasped together and held inside the column of anthers. Later
during the afternoon of the same day the style branches, which
have adaxial stigmatic surfaces, expand and emerge from be-
tween the anthers. Open flowers contain 0.7–1.2 μl of nectar
with mean concentration of 23.5% sucrose equivalents (S.D.±
2.4, n=10).
On bright sunny days with the temperature above 15 °C insect
activity occurs at a low intensity throughout the day. The most
common insect visitor was a long-proboscid fly, Prosoeca n. sp.
2 (Fig. 2), five specimens of which were captured at study site 1,
and two at study site 2. Occasional visits were also noted by the
anthophorine bee, Amegilla spilostoma (Cameron) (Apidae) and
by the butterfly,Cynthia cardui (L.) (Nymphalidae) at both sites.
Fig. 2. Prosoeca sp. n. 2 visiting Pteronia incana (Asteraceae). Photographed
September 1994 on the Hantamsberg near Calvinia, Northern Cape Province,
South Africa.
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bees during this same time period. The long-proboscid flies
displayed flower-constant activity: thus individuals visited only
open flowers of R. syringodeoflora during foraging bouts. We
did not see these flies visiting the flowers of any other species. A
foraging fly typically hovered above a flower and slowly
inserted its proboscis into the perianth tube, finally alighting on
the tepals, grasping them, and pushing its proboscis as far as the
mouth of the tube allowed. In doing so, the frons and dorsal part
of the head come into contact with pollen bearing anthers and/or
stigmatic tips of the style branches. Captured flies carried visible
loads of the brown-colored pollen of R. syringodeoflora.
Compound microscopic examination of pollen scraped from
different parts of a fly's body confirmed that the flies carried
Romulea-type pollen on the frons and head (pollen grains
perforate and monosulcate with a double banded operculum fide
Goldblatt et al., 1991). Pollen of no other plant species was
found in these microscopic preparations. Prosoeca n. sp. 2 flies
have a body length of ±20 mm (measured from the base of the
proboscis to the tip of the abdomen) (n=5) and a proboscis
10.5–11.5 mm long (mean 10.9 mm S.D.±0.4, n=5), thus they
are able to reach at least into the middle of the perianth tube, and
sometimes into the lower third (the tongue in Nemestrinidae
does not protrude from the proboscis so that the length of this
organ indicates themaximum distance for feeding within a tube).
Contact between flies and anthers remained passive.
Bees displayed slightly different behaviour. A bee inserted
its proboscis into the tube at an angle, between the filaments,
rather than from directly above the stamens. As the proboscis
and tongue was pushed into the tube, the frons and dorsal part ofFig. 1. Plant of Romulea syringodeoflora (Goldblatt and Porter 12662, MO,
NBG) and the nemestrinid fly, Prosoeca n. sp. 2 (vouchered by specimens at
Natal Museum, Pietemaritzburg). Scale bar=10 mm.the head came into contact with the filaments but not the anthers
which are held slightly above the head. The level of the nectar in
the floral tube was beyond the reach of the extended proboscis
and tongue, which measure ±7 mm long. Two bees were seen to
forage for pollen after probing the tube for nectar, by grasping
the anthers and scraping pollen with their legs. Captured bees
combed for pollen residue showed no trace of Romulea pollen
in the frons or head, but pollen was present on the ventral part of
the thorax and abdomen, as well as in their corbiculae. The latter
also contained pollen of unidentified Asteraceae and co-
blooming Ixia trifolia G.J. Lewis, which bees were seen to
visit more frequently than R. syringodeoflora. Traces of Ixia
pollen were identified by the perforate exine and aperture with a
single opercular band (Goldblatt et al., 1991).
The two C. cardui butterflies visiting flowers of R.
syringodeoflora were captured and, on microscopic examination,
were found to carry small amounts of Romulea pollen. Their
effectiveness as pollinators in comparison to Prosoeca n. sp. 2
remains uncertain. As we have noted elsewhere, butterflies are
poor pollen vectors as grains adhere poorly to a butterfly's wings
and body (Goldblatt et al., 1995; Goldblatt and Manning, 2002).
4. Discussion
Flies of the genus Prosocea (tangleveined flies) are common
flower visitors in southern Africa and are important pollinators
of many native Iridaceae with elongate perianth tubes (Goldblatt
and Manning, 2000). While these flies may visit flowers of
numerous species in other plant families in search of nectar, they
are effective pollinators of relatively few, usually those with
elongate floral tubes that contain ample amounts of sweet nectar
retained within the lower portion where it is not accessible to
insects with shorter mouth parts. Nemestrinids with particularly
long probosces, typically exceeding 25 mm, including P.
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Plateau, are the sole pollinators of many species, collectively
called the P. peringueyi pollination guild, across southern
Africa. R. syringodeoflora does not fall precisely in this
pollination guild for it is visited by other insects as well as
Prosoeca and while they appear to be less effective than Pro-
soeca as pollinators, they may be, at least potentially, secondary
pollinators. This is rarely the case in longer-tubed species that
belong to guilds pollinated by long-proboscid flies. These
species are seldom visited by other insects in our experience and
when they are, those visitors do not accomplish pollination and
are thus best regarded as pollen thieves or simply casual visitors.
Our observations on R. syringodeoflora confirm that this
species is also adapted to pollination by long-proboscid insects,
primarily the tangledwinged fly Prosoeca n. sp. 2. The two
other members of the genus that are adapted to pollination by
long-proboscid flies, R. hantamensis (tube 35–70 mm long)
and R. kamisensis (tube 17–22 mm long), are pollinated ex-
clusively by a single species of fly each (Prosoeca n. sp. 1 or P.
peringueyi respectively), and both have the intensely violet
flowers characteristic of the P. peringueyi pollination guild of
western southern Africa (Manning and Goldblatt, 1996; Gold-
blatt and Manning, 2000). R. syringodeoflora has not been
considered to belong to this guild largely because it primary
pollinator has been unknown. Although its tube is somewhat
shorter than is typical within the guild, it is not exceptional, and
an argument could be made for including it within this guild,
and thus regarding Prosoeca n. sp. 2 as a third, unusually short-
proboscid pollinator of the guild. However, unlike typical
members of the guild, R. syringodeoflora is also visited, and
pollinated, by the butterfly C. cardui. In addition, Prosoeca n.
sp. 2 has been observed pollinating the shorter-tubed popula-
tions of yellow-flowered Babiana vanzijliae L. Bolus and the
tubular, pink flowers of Hesperantha pauciflora G.J. Lewis
(both Iridaceae) around Nieuwoudtville as well as the shortly
tubular yellow flowers of Pteronia incana (Burm.) DC.
(Asteraceae) at Calvinia (unpublished observations). The mul-
tiple pollinators of R. syringodeoflora are exceptional for the
more highly specialised guilds of long-proboscid flies and
suggest that the species is best regarded as a member of a less
specialised group of long-tubed plant species adapted for
pollination by a suite of long-proboscid insects, including
various diptera and lepidoptera. The similarity in perianth
coloring, marking and tube length between R. syringodeoflora
and several species of Zaluzianskya (Scrophulariaceae) from
the winter-rainfall region that are visited by bombyliid flies
(unpublished observations) suggests that these insects are also
among the legitimate pollinators of this more generalised pol-
lination system. It is likely that R. stellata M.P. de Vos, another
species with blue, salver-shaped flowers, is similarly adapted to
pollination by a range of long-proboscid insects, including
various Diptera, Hymenoptera and Lepidoptera.
Long-proboscid fly pollination has arisen at least twice and
more likely four times in Romulea, once or twice in subgenusEdited by TJ EdwardsRomulea, in R. kamisensis and R. singularis J.C. Manning
and Goldblatt, distantly related species of section Ciliatae, and
once or twice in subgenus Spatalanthus (R. hantamensis and R.
syringodeoflora). Both the latter species are currently referred
to section Spathalanthus of the subgenus (Goldblatt and
Manning, 2002, 2004), although they remain in separate taxo-
nomic series. They differ in the shape of the corm and in basic
chromosome number, and may not be immediately related. If
this proves to be the case, then long-proboscid fly pollination
would have arisen independently in each of the three species of
Romulea in which it has been documented and once in a fourth
species for which the pollination syndrome is predicted
(Manning and Goldblatt, 2006), with a different species of
Prosoeca as primary pollinator in three of the four species.
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